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• 1ª aula (T) 4h - BM
Conceitos básicos de Biologia molecular, preparação das amostras, Primer 

design, PCR, sequenciação 

• 2ª aula (P) 3h –BM
Extração DNA genómico, Electroforese em gel de agarose e Quantificação de 

DNA genómico

• 3ª aula (T) 4h- BI 
– Bases de dados, alinhamentos, modelos evolutivos, filogenias

• 4ª aula (P) 3h- BM
– PCR e corrida em gel

• 5ª aula (TP) 3h – BI
– Desenho de primers, BLAST, alinhamentos,  determinação do modelo 

evolutivo

• 6ª aula (TP) 3h- BI
– Construção de Filogenias
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Estrutura do curso
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• A Biologia Molecular é o 
estudo da Biologia a nível 
molecular, com ênfase na 
estrutura e função do material 
genético e seus produtos de 
expressão, as proteínas. 

• Animal cell
• cytoplasm 
• (1) nucleolus 
• (2) nucleus 
• (3) ribosome 
• (4) vesicle 
• (5) rough endoplasmic 

reticulum 
• (6) Golgi apparatus 
• (7) cytoskeleton
• (8) smooth endoplasmic 

reticulum
• (9) mitochondria 
• (10) vacuole 
• (11) cytosol
• (12) lysosome
• (13) centriole.
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Descoberto por James Watson (norte-americano) e  
Francis Crick (britânico) em 1953

Prémio Nobel de Fisiologia ou Medicina em 1962

DNA

Ácido desoxirribonucleico
Composto orgânico cujas moléculas 
contêm as instruções genéticas que 
coordenam o desenvolvimento e 
funcionamento de todos os seres 
vivos e alguns vírus, e que 
transmitem as características 
hereditárias de cada ser vivo. 

O seu principal papel é armazenar as 
informações necessárias para a 
construção das proteínas de RNAs. 
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Ácidos Nucleicos

Polímero de unidades simples 
(monómeros)-

os nucleótidos
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Ácidos Nucleicos

5 tipos de bases azotadas
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Ácidos Nucleicos

2 tipos de Pentoses
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Ácidos Nucleicos
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Ácidos Nucleicos
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DNA

• Adenina complementar Timina

• Ligação por 2 pontes de hidrogénio

• Citosina complementar com Guanina

• Ligação por 3 pontes de hidrogénio



• Extremo 3’ – tem um grupo hidroxilo no 3º carbono

• Extremo 5´- tem um grupo fosfato no 5º carbono

• Numeração dos carbonos- de 1´a 5’ por convenção no sentido dos ponteiros 
do relógio, a partir do oxigénio 

• Importância: síntese dos ácidos nucleicos dá-se no sentido 3´

Conceitos básicos de Biologia molecular
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DNA
• 2 cadeias helicoidais 

complementares e antiparalelas
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Replicação semi-conservativa do DNA
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Replicação semiconservativa do DNA

1. Helicases- separam as 2 cadeias da molécula

2. DNA Polimerase III- catalizam a adição de um 
nucleótido ao radical hidroxilo na extremidade 
3´da cadeia que se está formando. Desta forma 
as cadeias só podem crescer no sentido 5´ 3´



Conceitos básicos de Biologia molecular

14

Replicação semiconservativa do DNA

• Cadeia contínua- sintetizada continuamente a partir de 
um iniciador na cadeia molde 3´ 5´

• Cadeia descontínua – sintetizada descontinuamente a 
partir de múltiplos iniciadores

Forquilha de replicação
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Replicação semiconservativa do DNA

3. Primase- Sintetiza 
pequenas moléculas de 
RNA utilizadas como 
iniciadores durante o 
processo de replicação
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Replicação semiconservativa do DNA

• Cada iniciador é alongado pela DNA polimerase 
resultando na formação de Fragmentos de Okazaki

• DNA polimerase I remove o primer do RNA do 
fragmento adjacente e preenche os gaps entre os 
fragmentos

• DNA ligase – liga os fragmentos de Okasaki

Topoisomerase

alivia a torção na 
parte da cadeia 
que não está a ser 
replicada
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Organização do DNA
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Cromossomas

Cariótipo
Conjunto de cromossomas de uma 
célula
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Transcrição e Tradução
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Transcrição e Tradução
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Transcrição e Tradução
A transcrição é a passagem da 

informação genética, do núcleo 
para o citoplasma, sob a forma 
de RNA mensageiro (mRNA), 

cuja sequencia é complementar 
ao DNA de que foi transcrito

Tipos de RNA

-Mensageiro

-Ribossómico

-de Transferência
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Código genético

Gene-região de DNA que codifica para 
determinada proteína ou RNA funcional
Genoma- todo o material genético de um 
organismo e inclui quer os genes quer as 
sequencias não-codificantes

Sequências não codificantes, e.g.
• RNA não codificantes

transferência RNA
ribosómico RNA
regulatório RNA

• Regulação da atividade das regiões 
codificantes
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Código genético

A sequência de bases ao 
longo da molécula de ADN 

constitui a informação 
genética. A leitura destas 

sequências é feita por 
intermédio do código 

genético, que especifica a 
sequência linear dos 

aminoácidos das proteínas. 

Codão- 3 nucleótidos seguidos do mRNA
Anticodão- as 3 bases do tRNA, que são complementares ao codão do 
mRNA  
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Tradução

Processo pelo qual o 
RNA maduro, serve 
de “template” para a 

síntese de uma nova 
proteína
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Tradução
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Método tradicional Fenólico

Ref: http://dx.doi.org/10.2216/i0031-8884-42-3-261.1

1. 50ml culture
2. Centrifugue and discard supernatant
3. Pellet ressuspended in 750ul filtered NSW 
4. 3500g, 10min, 4ºC
5. Pellet stored in liquid nitrogen

1. Nitrogen pump – 10 cycles, 2400psi (to lyse)
2. 500ul lysis buffer at 65ºC, 30min

• 0.02M EDTA
• 2% CTAB
• 0.1M Tris
• 1.4M NaCl
• 9.2% 2-b-mercaptoetanol

http://dx.doi.org/10.2216/i0031-8884-42-3-261.1
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Método tradicional Fenólico

Lysis Buffer- permite quebrar as células para libertar o DNA, sem a 
sua degradação

Podem conter:
1. Sais-manter uma força iónica (concentração salina)
2. Detergentes- separar as proteínas da membrana

• Triton X-100
• CHAPS
• SDS

3. RNase A – degrada RNA
4. Proteinase K- desnatura proteínas, mas geralmente tem um 

tempo definido de atuação
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Método tradicional Fenólico

3. 100ul phenol-chloroform-isoamyl alcohol (25:24:1)
4. 14000g 8min, 4ºC
5. Repeat step 3 com o sobrenadante
6. Chloroform-isoamyl alcohol (24:1)
7. 14000g 8min, 4ºC
8. 5ul glycogen ao sobrenadante
9. 15ul 3M NaOAc and isopropanol
10. Incubate -80ºC, 30min
11.16000g, 15min
12.1000ul, 70%ethanol
13.16000g, 15min
14.Dried in a speed vacum
15.Ressuspend 50ul H2O
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Método tradicional : Fenólico

Phenol-chloroform-isoamyl alcohol
DNA extraction proporção 25:24:1
pH DNA extraction 6.7-8
(RNA – pH fenol 4.8 )

Clorofórmio- desnatura proteínas
Isoamyl alcohol- previne formação de espuma
Sais de Guanidina – reduzem os efeitos das nucleases

Glicogénio é insoluvel no etanol e forma 
um precipitado que agarra o ácido 
nucleico

Fenol ácido retem o RNA na fase 
aquosa, mas move o DNA para a fase 
fenólica
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Método tradicional : Fenólico

DNA rodeado por 
moléculas de água
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Método tradicional : Fenólico
Precipitação de DNA

1. Sal para neutralizer a carga do ácido nucleico. O DNA fica menos hidrofílico e 
precipita na solução (acetato de sódio, cloreto de sódio, cloreto de litio, 
acetate de amónio, etc)

2. Etanol 100% para precipitar o DNA  (altera a estrutura do DNA de maneira em
que as suas moléculas se agregam e precipitam)

3. Frio para arrefecer a amostra. Temperaturas baixas promovem a floculação
dos ácidos nucleicos, para que formem um complex maior que facilite a 
formação de pellet na centrifugação (Over-night -4ºC ou -80ºC 1 hora)

4. Uma concentração elevada de ácido nucleico, suficiente para forçar
recuperação do DNA (se não for elevada pode adicionar-se um “carrier” como
o glicogénio para aumentar a recuperação

5. Centrifugação da amostra até formar um pellet
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Método tradicional : Fenólico

Lavagem do pellet com etanol a 70% ethanol. Percentagem na qual os sais são
removidos e o DNA não é dissolvido
Secagem do pellet:

- Deve ser eficaz, para o etanol não estar presente na amostra
- Não deve ser demasiado, pois dificulta a dissolução na solução de 
eluição

Etanol Isopropanol

Se couberem 2 volumes de 
etanol

Se couber apenas 1 volume de 
álcool (tubo pequeno)

Precipita fragmentos menores 
e maiores

Precipita apenas fragmentos 
maiores

Precipita a -20ºC Precipita a RT

Precipita pouca concentração 
de amostra

Só precipita se em quantidade 
considerável de amostra

Precipitação demorada Precipitação rápida
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Kit da Qiagen- DNeasy 
plant
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Kit da Qiagen- DNeasy plant

1. Add 400 µl Buffer AP1 and 4 µl RNase A and vortex

2. Homogeneização da amostra no miniLys- 15s, 5000rpm
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Kit da Qiagen-
DNeasy plant

• Mais volume amostra
no mesmo volume de lysis
buffer/Coluna, 
não aumenta eficiência de 
extração



Extração de DNA genómico
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Kit da Qiagen-
DNeasy plant
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Kit da Qiagen-
DNeasy plant

• Eluição em 30ul, optimiza
quantidade de DNA

• Secagem total de etanol, 
Incubação RT (room
temperature) e Elution
Buffer 50-60ºC também 
optimiza quantidade de 
DNA



Quantificação do DNA
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Quantificação do DNA
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Quantificação do DNA
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Quantificação do DNA
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• Pipetar 2ul de amostra, sem criar bolhas e sem tocar no equipamento

• Ler a absorvância do “Branco”- Solução na qual o DNA está eluído

• Ler a absorvância da nossa amostra

• Abs 260/280 deve estar entre 1.8 e 2. Valores >2 indicam contaminação 
com RNA. Valores inferiores a 1.8 indicam contaminação com Fenol ou 
proteínas, por exemplo.
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Quantificação de DNA genómico 

em gel de agarose
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A eletroforese em gel é uma técnica de separação de moléculas que envolve a 
migração de partículas num determinado gel durante a aplicação de uma diferença 
de potencial. As moléculas são separadas de acordo com o seu tamanho, pois as 
de menor massa irão migrar mais rapidamente que as de maior massa. 



• Separa e analisa DNA
• Quantifica e Isola uma determinada banda
• O DNA é visualizado pela adição

– Brometo de etídio (altamente tóxico e mutagénico, mas dá mais 
visibilidade)

– GelRed
– GelGreen
– SYBRSafe
Liga-se ao DNA e fica fluorescente sob luz UV.

Electroforese em gel de agarose
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Polimerização dos géis

• Há géis que já se compram polimerizados
• Normalmente fazem-se em laboratório

Qual o tanque a escolher
• Numero de amostras a carregar
• Velocidade de corrida

• Tinas pequenas 8x10 cm gels (minigels) - 50ml gel 
• Tina grande - 100ml gel

Electroforese em gel de agarose
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Electroforese em gel de agarose
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Qual pente a usar?

Depende volume que queremos 
carregar

Volume do poço - Depende largura 
poço e da espessura do dente do 
pente, e da espessura do gel

Electroforese em gel de agarose
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Tina pequena - pente com 8 poços (20 ou 40ul dependendo da 
espessura do dente) ou 15 poços (20ul)

Tina grande - pente com 15 ou 20 poços 

Para além das amostras, não esquecer que temos de carregar, 
controlo positivo, controlo negativo, geralmente com um 
poço livre de intervalo e o marcador (1 ou 2 lanes) 



Que quantidade carregar?

• Normalmente, uma banda é visível com 20ng de DNA

• Se queremos apenas confirmar a banda, para mandar 
sequenciar - 2ul 

• Se queremos visualizar a banda num 1º ensaio de PCR- 5ul

• Se queremos cortar a banda para mandar sequenciar - todo o 
produtos de PCR

(20/25ul se a banda é boa ou 50ul se temos uma banda 
difusa “faint band”)

50
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Procedimento

1. Montar o dispositivo para solidificar o gel (pente inclusivé) e verificar que 
está nivelado

Como fazer o gel de agarose

2. Medir volume TBE (tina pequena-50ml de gel)

– geis mais finos, dão maior resolução

3. Pesar e adicionar a agarose (1g – se 2%)

4. Dissolver no microondas

– Cuidado para não queimar as mãos, ferver ou derramar-se

– Ir agitando ocasionalmente

5. Deixar arrefecer um pouco na bancada

6. Adicionar GreenSafe Premium - 2ul/50ml gel

– Brometo de etídeo (arrefecer a 60ºC (morno ao toque) para evitar 
vapores)

7. Agitar sem fazer bolhas
51
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Procedimento cont.

8. Verter o gel sem fazer bolhas. Eliminar as que possam surgir com uma 
ponta

9. Esperar 30min que solidifique

10. Mergulhar na tina com  tampão  de corrida TBE (a mesma que foi usada 
para fazer o gel), até que a solução cubra superficialmente os poços

– Atenção, os poços devem estar junto do pólo negativo (PP-Preto-
Poços)

11. Retirar com cuidado o pente

12. Se não quiser usar imediatamente, tapar o gel com papel de alumínio 
para evitar a degradação do Greensafe com a luz

13. Carregar o gel (1º amostras, 2º Controlo negativo com 1 poço de 
intervalo, 3ºmarcador (no 1º e último poço))

14. Colocar a correr (gel pequeno)

– Voltagem pequeno :80V, 30min

– Voltagem grande: 100V, 45min

• Corridas maiores, separam melhor os fragmentos 52
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Soluções Tampão 

• TBE (Tris/Borate/EDTA)

– solução stock a 5X, ou outra concentração mais elevada, mas é menos 
estável pois há precipitação durante o armazenamento

– solução ao uso 1X

• Tris-faz com que o DNA continue solúvel em água

• EDTA - quelante de iões divalentes, protege o DNA  da degradação 
enzimática (iões são cofactores de muitas enzimas)

• Borato-inibidor de enzimas

• TAE (Tris/Acetate/EDTA)

– Menor capacidade tampão (tem de se reutilizar menos vezes), mas 
DNA corre mais depressa. Necessita menos procedimentos para 
extrair DNA do gel

– Porém há quem use os 2 tampões da mesma maneira

53
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Electroforese em gel de agarose



Como carregar as amostras

1. Spin down da amostras a carregar

2. Cortar um pedaço de Parafilm®

3. Decidir o volume a carregar

4. Colocar cerca de 0,2% Loading Buffer 

no Parafilm

• ex: 2ul por 10ul de amostra

• nosso caso 1ul por 5ml produto PCR ou DNA genómico

4. Pipetar a amostra, despejar a amostra na gota de loading dye, agitar cima 
e baixo, sem bolhas e carregar no poço

Nota: Algumas mix de PCR já incorporam

o loading dye

55
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5. Carregar 2ul de Marcador/Ruller/Ladder
• No inicio e fim das amostras

• Se for possível, deixar os poços dos extremos pois costumam correr pior

• Resolução do marcador escolhida relativamente ao peso do meu fragmento de 
interesse

• Carregar da esquerda para a direita, com os poços em cima (no gel).

Por convenção, publicam-se os resultados assim.

56

Electroforese em gel de agarose

6. Fechar a tampa, ligar aparelho, 
colocar a correr (80V, 30min)

7. Verificar se está a passar 

corrente eléctrica

(ver bolhinhas à volta do fio)



Marcadores

Alto peso molecular Baixo peso molecular Marcador quantitativo

NzyDNA ladder III                         Grisp ladder 100pb           Mass Ladder Thermofisher

57
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Loading buffers

• Dá cor à amostra
• bromophenol blue
• xylene cyanol
• Orange G

• Dá densidade à amostra
• Glicerol
• sucrose

• Permitem monitorizar a corrida
• Facilita o carregamento nos poços
• Carregados negativamente, logo migram no 

mesmo sentido que o DNA

58
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Loading buffers
Typical recipe

• 25 mg bromophenol blue or xylene
cyanol

• 4 g sucrose
• H2O to 10 mL
• The exact amount of dye is not

important
• Store at 4ºC to avoid mould

growing in the sucrose. 10 mL of
loading buffer will last for years.

• Escolher o corante com base no 
fragmento que queremos ver, para 
não impedir a visualização da 
banda

59
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Visualização das amostras

1. Após corrida do gel, desligar a Tina de 
Eletroforese

2. Colocar o gel no tabuleiro com papel 
absorvente, para retirar o excesso de solução 
tampão

3. Colocá-lo (com o suporte em acrílico) no 
transiluminador

-se o seu suporte não for apropriado para ver 
directamente o gel, retirá-lo do suporte

4. Ligar o transiluminador e o PC

Os UV são carcinogénicos-proteger pele e olhos.

60
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Visualização das amostras

1. Abrir atalho gel-doc

61
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Eletroforese em gel de agarose
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Eletroforese em gel de agarose

Nucleic acids- GelGreen
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Eletroforese em gel de agarose

Nucleic acids- GelGreen

Mini-ready Agarose gel
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Eletroforese em gel de agarose

Nucleic acids- GelGreen

Mini-ready Agarose gel

Faint bands
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Eletroforese em gel de agarose
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Eletroforese em gel de agarose



Quantificação do DNA
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Quantificação de DNA genómico 

em gel de agarose



PCR-Polymerase Chain reaction
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• Descrito por Kary Mullis, 1983, 
• Prémio Nobel da Química

• É um método de amplificação (de criação de múltiplas cópias) de DNA

• Aplicações
• Investigação médica e biológica

• detecção de doenças hereditárias,
• testes de paternidade,
• exames para detecção de agentes patogénicos
• etc



PCR-Polymerase Chain reaction
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PCR-Polymerase Chain reaction
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PCR-Polymerase Chain reaction
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PCR-Polymerase Chain reaction

73

Componentes:

1. Cadeia molde “template” de DNA
10 a 100ng/ul

Diluir se a concentração for elevada, pois elevadas 
concentrações inibem reação

2. dNTPs (desoxirribonucleotídeos trifosfatos), 
que são as bases nitrogenadas ligadas 3 três 
fosfatos (dATP, dGTP, dTTP, dCTP)

Perdem os 2 fosfatos no processo de incorporação



PCR-Polymerase Chain reaction
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dNTPs Working solution

Exercício:

• Temos dATP, dCTP, dGTP, dTTP – 100mM each

• Queremos 0,2mM each numa reação de PCR com Volume total 20ul

• Como fazemos nossa solução de trabalho?



PCR-Polymerase Chain reaction
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dNTPs Working solution

Exercício:

• Temos dATP, dCTP, dGTP, dTTP – 100mM each

• Queremos 0,2mM each numa reação de PCR com Volume total 20ul

• Como fazemos nossa solução de trabalho?

Como fazer:

Ci x Vi = Cf x Vf

Ci (working solution) x 1ul = 0,2mM (no PCR) x 20ul (PCR)

Ci= 4mM



PCR-Polymerase Chain reaction
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dNTPs Working solution

Exercício:

• Temos dATP, dCTP, dGTP, dTTP – 100mM each

• Queremos 0,2mM each numa reação de PCR com Volume total 20ul

• Como fazemos nossa solução de trabalho de 100ul?

Como fazer:

Ci x Vi = Cf x Vf

Ci (working solution) x 1ul = 0,2mM (no PCR) x 20ul (PCR)

Ci= 4mM

Ci x Vi = Cf x Vf

100mM x Vi (compra) = 4mM x 100ul (normalmente – volume working solution)

Vi= 4ul



PCR-Polymerase Chain reaction
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dNTPs Working solution

Exercício:

• Temos dATP, dCTP, dGTP, dTTP – 100mM each

• Queremos 0,2mM each numa reação de PCR com Volume total 20ul

• Como fazemos nossa solução de trabalho?

Como fazer:

dATP (100mM)- 4ul 

dCTP (100mM)- 4ul 

dGTP (100mM)- 4ul 

dTTP (100mM)- 4ul 

H2O – 84ul

Mix e spin



PCR-Polymerase Chain reaction
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Componentes:

3. Água de uso molecular

4. Primers (também chamados de 
oligonucleotídeos ou iniciadores)
• Pequena sequencia complementar ao DNA template, 

que flanqueia a minha região de interesse

• Compram-se em solução ou liofilizados

• Reconstituem-se em água de uso molecular

• Manipulam-se numa câmara de PCR

• Convém usar pontas com filtro



PCR-Polymerase Chain reaction
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Como Reconstituir e 

fazer working solution dos Primers? 

D1R/D3Ca



PCR-Polymerase Chain reaction

80

Como Reconstituir e 

fazer working solution dos Primers? 

D1R/D3Ca

Solução stock-100uM

VH2O (uL)= nmoles x 10

Exercício?

Working solution 10uM, 100uL?



PCR-Polymerase Chain reaction
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Como Reconstituir e 

fazer working solution dos Primers? 

D1R/D3Ca

Solução stock-100uM

VH2O (uL)= nmoles x 10

Exercício?

Working solution 10uM, 100uL?
Ci x Vi = Cf x Vf

100uM x Vi = 10uM x 100ul

Vi= 10 ul 

Working solution 10uM= 10ul stock + 90 ul H2O



PCR-Polymerase Chain reaction
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Primers D1R/D3Ca



PCR-Polymerase Chain reaction
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Componentes:

3. Enzima Taq-polimerase 
• DNA polimerase

• Origem na bactéria Thermus aquaticus que tolera 

elevadas temperaturas

4. Solução tampão
• MgCl2 (remove os fosfatos da solução)

Cofactor da Taq

• Elevadas conc. levam aumento da inespecificidade

• Baixas concentrações levam diminuição de produto

• 1.5-2.0 mM

5. Termociclador, equipamento que faz ciclos de 
temperatura pré-estabelecidos com tempos exatos 
específicos para cada reação (fragmento a ser 
amplificado).



PCR-Polymerase Chain reaction
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Eppendorf plus                          Biorad                                              TC-plus 
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Reação de PCR
Ex. GoTaq, Promega



PCR-Polymerase Chain reaction
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Reação de PCR
Ex. GoTaq, Promega



PCR-Polymerase Chain reaction
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Reação de PCR
GoTaq, Promega

Componentes Concentra
ções finais

Nossa 
concentração 
stock

Reação base (1 
amostra)
ul

Nossa reação
(1+ Cpos+ Cneg)=3
+1 (erros pipetagem)

Flexi buffer GoTaq 1x 5x 4

dNTPs 0,2mM 5mM each 1

MgCl2 1-4mM 25mM 1,5 (1,8mM)

D1R (Fw) 0,1-1uM 10mM 1 (0.5uM)

D3Ca (Rv) 0,1-1uM 10mM 1 (0.5uM)

Taq 1-1.5U 5U/uL 0.1

DNA template 10pg-1ug 10ng-100ng 1

H2O Variável 10.4

Volume total - 20ul
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Reação de PCR
GoTaq, Promega

Componentes Concentra
ções finais

Nossa 
concentração 
stock

Reação base (1 
amostra)
ul

Nossa reação
(1+ Cpos+ Cneg)=3
+1 (erros pipetagem)

Flexi buffer GoTaq 1x 5x 4 12

dNTPs 0,2mM 5mM each 1 3

MgCl2 1-4mM 25mM 1,5 (1,8mM) 4,5

D1R (Fw) 0,1-1uM 10mM 1 (0.5uM) 3

D3Ca (Rv) 0,1-1uM 10mM 1 (0.5uM) 3

Taq 1-1.5U 5U/uL 0.1 0.3

DNA template 10pg-1ug 10ng-100ng 1

H2O Variável 10.4 31.2

Volume total - 20ul
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Programa do termociclador para D1R/D3Ca

Step Temperature
ºC

Time Nº cycles

Desnaturação inicial 95 3 min 1

Desnaturação 95 30 seg

Emparelhamento 62 35 seg 40

Extensão 72 1 min

Extensão final 72 10 min 1

Pausa 4 ∞



PCR-Polymerase Chain reaction
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Reação de PCR
1. Limpar superfícies de trabalho com Lixivia, esperar 10 min e passar por água 

estéril (lixivia é corrosiva)
Para descontaminar DNA prévio

2. Colocar pipetas de PCR, Eppendorfs, tubos PCR, caneta de acetato na câmara de 
UV

3. Ligar câmara de UVs 15min
• Pode realizar-se a mistura fora de uma câmara de PCR
• UVs destroem o DNA por formar ligações covalentes entre bases

4. Programar o termociclador
5. Gelo num tabuleiro
6. Ordenar todos os componentes que vamos 

usar (à excepção da taq)
7. Descongelar completamente, mix e spin de 

todos os componentes (componentes que 
precipitam no frio)

8. Ir para a Câmara de PCR
9. Marcar tubos de PCR



PCR-Polymerase Chain reaction
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Reação de PCR
10. Fazer a mix a começar pelos maiores 

volumes
11. Adicionar a Taq
12. Mix com o dedo
13. Distribuir por todos os tubos 19ul
14. O que restar será no Cneg. Fechar tubo
15. Colocar o DNA nos tubos
16. Dirigir à sala pós-PCR
17. Colocar no termociclador (não retirar 

as escoras)
18. Run



PCR-Polymerase Chain reaction
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PCR Master mix
-Buffer + MgCl2 + Taq
-faltam primers, DNA, H2O
- Há com e sem Loading Dye

Vantagens MIX
-Menos erros pipetagem
-Processo mais rápido

Desvantagem
- Não se pode optimizar

condições de Magnésio ou 
dNTPs

- Se contaminação, há maior 
desperdicio
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Direct PCR Master mix
Phire tissue Master Mix – “Extração de DNA” + PCR directo



PCR-Polymerase Chain reaction
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Direct PCR Master mix
Phire tissue Master Mix – “Extração de DNA” + PCR directo



PCR-Polymerase Chain reaction
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Programa de PCR
1. Desnaturação inicial

Fundamental, pois compromete todos os passos seguintes

1-3 min a 95ºC - GC content é 50% ou menos
até 10min - GC-rich templates



PCR-Polymerase Chain reaction
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Programa de PCR
2. Melting/Desnaturação

quebra das pontes de hidrogénio

separação da dupla cadeia de DNA 
0.5-2 min entre 94 a 96ºC 

3. Annealing/Emparelhamento
Primers emparelham com cadeia molde
Depende da quantidade de citosina (C) e    

guanina (G)
5ºC abaixo temperatura melting primer-template
0.5-2min entre 50 a 60 ºC
Se produtos inespecíficos-aumentar com 
incrementos de 1-2ºC

4. Extension/Extensão
A enzima sintetiza a nova molécula 
70-75ºC
1min até 2Kb
Quando fragmentos maiores – adiciona 
1min/1000bp



PCR-Polymerase Chain reaction
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Programa de PCR
5. Ciclos

Depende da quantidade de DNA template e do nº 
de cópias que pretendo no final

25 a 40 ciclos 
taxa de replicação é exponencial

6. Extensão final
72ºC – 5-15min

terminar o final das cadeias
Taq adiciona poly-A tails ao extremo 

3´(importante para a clonagem)
7. Final hold

4ºC - ∞



PCR-Polymerase Chain reaction
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PCR additives

•DMSO: Reduce secondary structure that could inhibit the progress of the 
polymerase. Especially useful for GC rich templates. Use at a final concentration of 
5-10%.

•Glycerol: Reduces secondary structure. Use 5-10%

•Betaine monohydrate: Reduces secondary structure. Use 1 to 3M

•BSA: Very useful for templates that may be contaminated with humic acids (e.g. 
environmental samples contaminated with soil) and is also reported to prevent 
reaction components from sticking to the tube wall. Use up to 0.8 mg/ml

•Tween-20: Can neutralize SDS left over from template DNA preparation that 
would inhibit the reaction. Use 0.25 to 1% final concentration

•Formamide: Increases the stringency of primer annealing, resulting in less non-
specific priming and increased amplification efficiency. Use 1-10%

•Tetramethyl ammonium chloride: Similar to formamide. Use 10-100mM

•7-deaza-2′-deoxyguanosine: A dGTP analogue that is especially useful for 
extremely GC rich templates. Success is reported with up to 83% GC. Use a 1:3 ratio 
of dGTP:7-deaza-2′-deoxyguanosine



Nested PCR
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• Aumentar a especificidade do PCR
• 2 pares de primers para o mesmo 

locus
• 1 par mais externo (1ª 

amplificação)
• Outro par mais interno (restantes 

amplificações)
• Adicionar-se em 2 reações de PCR 

consecutivas



Multiplex PCR
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• Vários alvos numa única reação PCR
• Mesma mistura de PCR

• 1 template
• Vários pares de primers

• Normalmente os produtos amplificados 
têm vários tamanhos

• Temperaturas de annealing e desenho de 
primers têm de ser optimizados para todos 
trabalharem correctamente numa mesma 
reação



Touchdown PCR
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• Reduz amplificações não-especificas, pelo
decréscimo da temperature de annealing

• Início- 3-5ºC acima Tm

• Elevada especificidade
• PCR continua – temp. em cada ciclo decresce

0.2ºC até chegar 3-5ºC abaixo da Tm. 

• Temperaturas elevadas – elevada especificidade
• Temperaturas baixas – amplificações mais

eficientes, do produto formando nos 1ºs ciclos

• Logo a 1ª sequência amplificada é a única entre 
as regiões de maior especificidade do primer e 
será a mais abundante no final do PCR



Hot-start PCR
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• A reação de PCR é ativada quando 
a temperatura atinge 94ºC

• Aumenta a especificidade do PCR, 
pois a DNA polimerase contém um 
anticorpo, que se desnatura e 
ativa a enzima ao atingir a 
temperatura de 94ºC. 

• DNA polimerases que não 
possuem este inibidor podem 
amplificar produtos inespecíficos à 
temperatura ambiente.
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https://youtu.be/ID6KY1QBR5s

https://youtu.be/mvvP90Cpdfc



Real-time PCR (qPCR)

104

• PCR que quantifica o DNA obtido por 
fluorescência

• Resultados mais rápidos e mais 
precisos

• Detecção SyberGreen
• Corante não especifico que se intercala 

na molécula de DNA de cadeia dupla

• Detecção sondas Taqman (ex.)
• Sequencias específicas complementares 

ao meu alvo, tipo “primers” marcadas 
com uma molécula fluorescente que 
permite deteção depois da hibridação



PCR-Polymerase Chain reaction
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PCR convencional Real-time PCR

Menor precisão Maior

Menor sensibilidade Maior

Menor resolução Maior

Não automatizado Automatizado

Resultados não numéricos Numéricos

Possibilidade de produtos 
inespecíficos

Não influenciado por amplificação não 
específica 

Amplificação monitorizada no 
final

Amplificação monitorizada em tempo 
real

Gel de agarose Não há processamentos pós-pcr

Menor rapidez na corrida Maior

Maior quantidade DNA Requer 1000X menos DNA

Coleta de dados na fase final Coleta de dados na fase exponencial
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Resultados



Preparação de amostras
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Purificação de produtos de PCR

Eliminam primers, dNTPs, enzimas, produtos PCR 
pequenos e inespecíficos e sais de fragmentos de PCR  
>100 bp, que podem afectar as aplicações seguintes

• Silica based colummns (mais comum)
• Sal caotrópico (quebra pontes de H) desnatura o DNA que 

se liga à resina de sílica da coluna, permitindo que se separe
dos restantes components da amostra

• Depois da lavagem, o DNA é eluído com uma solução baixa
em sal, que permite que se reorganize e perca afinidade
com a membrane

• Eluir em H2O (não afecta procedimentos subsequentes, 
menos estável). Eluir em Tris-EDTA (mais estável, mas sais 
podem afectar procedimentos subsequentes)



Preparação de amostras
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Purificação de produtos de PCR
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Purificação de produtos de PCR
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Purificação de produtos de PCR
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Purificação de produtos de PCR



Preparação de amostras
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Send to sequence

• Macrogen
• Stabvida
• GATC (Nzytech)
• …



Preparação de amostras
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Send to sequence

Macrogen
Stabvida
GATC (Nzytech)



Micropipetas
Como pipetar

1. Aspirar lentamente e na vertical

2. Descartar lentamente e com ângulo de 40º, com a 
ponta encostada ao recipiente, até à 1ª posição

3. Carregar até à 2ª posição, arrastando a ponta pelo 
recipente

Manutenção e Limpeza das Micropipetas

• Manter a pipeta sempre em posição vertical e no volume 
máximo (a pipeta deitada de um dia para o outro é suficiente 
para a descalibrar. A mola em tensão pode provocar também 
uma descalibração)

• Para encaixar as pontas, não bater. Rodar nas monocanais e 
encaixar frente e trás nas pluricanais.

• Limpar externamente a mp com alcool a 70º, sempre que 
necessário.

• Limpeza interna - 5 cargas/descargas sem ponta, com alcool a 
70º, e deixar a secar no fim de semana ou 30min na estufa até 
60ºC, se houver urgência

• Lixívia e autoclavagem para situações mais complicadas

Preparação de amostras
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• What is it? Bioinformatics is the creation , 
development and operation of databases and 
other computational tools to collect, organize 
and interpret data

• Data Sources ? They are usually derived from 
biological data experiences that provide 
quantitative and qualitative data

Bioinformatic

116



Use of databases in bioinformatics as 
repositories and sources of 

information



• From 1982 databases began to be created for 
storing information and sequences of nucleotides

Examples

• European Molecular Biology Laboratory: 
http://www.embl.org/ (Europe)

• National Institutes of Health: 
http://www.ncbi.nlm.nih.gov (North America)

• DNA Databank (DDBJ): 
http://www.ddbj.nig.ac.jp/ (Japan)

Data Warehouses
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http://www.embl.org/
http://www.ncbi.nlm.nih.gov/
http://www.ddbj.nig.ac.jp/


• From 1986 databases of amino acids (proteins)

Exemplos
• Swissprot/TrEMBL
• PIR

• In 2002 joined in UniProtKb
(http://www.uniprot.org/)

• UniProtKB/Swiss-Prot which is manually annotated 
and is reviewed and

• UniProtKB/TrEMBL which is automatically annotated 
and is not reviewed.

Data Warehouses
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• “100-gigabase” in August 2005. 200 billion bp
in September 2007. The amount of data 
doubles every 18 months.

Data growth
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PLoS Biol. 2015 Jul; 
13(7): e1002195.

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4494865/


GenBank gb|accession.version
EMBL emb|accession.version
DDBJ dbj|accession.version
NCBI RefSeq ref|accession.version
PDB pdb|entry|chain
Patents pat|country|number
NBRF PIR pir||entry
SWISS-PROT sp|accession|entry
Protein Research Foundation prf|name
GenInfo Backbone Id bbs|number
General database identifier gnl|database|identifier
Local Sequence identifier lcl|identifier

Conventions
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Conventions
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Conventions
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• Gene Names (http://www.genenames.org/)

Conventions
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http://www.genenames.org/


• Fasta files

>seq1

-----------------------KSKERYKDENGGNYFQLREDWWDANRE 

>seq2

---------------YEGLTTANGXKEYYQDKNGGNFFKLREDWWTANRE

>seq3 

------------------------SQRHYKD-DGGNYFQLREDWWTANRH

>seq4 

--------------------NVAALKTRYEK-DGQNFYQLREDWWTANYF

File Formats
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• Phylip interleaved

• The first line of the input file contains the number of species and the 
number of characters separated by blanks. The information for each
species follows, starting with a ten-character species name (which can 
include punctuation marks and blanks), and continuing with the 
characters for that species. Phylip format files can be interleaved, as in 
the example below, or sequential. 

4 123
seq1 ---------- ---------- ---KSKERYK DENGGNYFQL REDWWDANRE 
seq2 ---------- -----YEGLT TANGXKEYYQ DKNGGNFFKL REDWWTANRE 
seq3 ---------- ---------- ----SQRHYK D-DGGNYFQL REDWWTANRH 
seq4 ---------- ---------- NVAALKTRYE K-DGQNFYQL REDWWTANRA 

TVWKAITCNA --GGGKYFRN TCDG--GQNP TETQNNCRCIG---------
TVWKAITCGA P-GDASYFHA TCDSGDGRGG AQAPHKCRCD G---------
TVWEAITCSA DKGNA-YFRR TCNSADGKSQ SQARNQCRC- --KDENGKN-
TIWEAITCSA DKGNA-YFRA TCNSADGKSQ SQARNQCRC- --KDENGXN-

126

File Formats



• Phylip sequencial

4 123 

seq1 ---------- ---------- ---KSKERYK DENGGNYFQL REDWWDANRE 
TVWKAITCNA --GGGKYFRN TCDG--GQNP TETQNNCRCI G---------

seq2 ---------- -----YEGLT TANGXKEYYQ DKNGGNFFKL REDWWTANRE 
TVWKAITCGA P-GDASYFHA TCDSGDGRGG AQAPHKCRCD G---------

seq3 ---------- ---------- ----SQRHYK D-DGGNYFQL REDWWTANRH 
TVWEAITCSA DKGNA-YFRR TCNSADGKSQ SQARNQCRC- --KDENGKN-

seq4 ---------- ---------- NVAALKTRYE K-DGQNFYQL REDWWTANRA 
TIWEAITCSA DKGNA-YFRA TCNSADGKSQ SQARNQCRC- --KDENGXN-

File Formats

127



• Nexus
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File Formats



File Formats
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GenBank
LOCUS       AF023787                 618 bp DNA     linear   PLN 02-MAY-1998

DEFINITION  Bryum stenotrichum small ribosomal protein 4 (rps4) gene,

chloroplast gene encoding chloroplast protein, partial cds.

ACCESSION   AF023787

VERSION     AF023787.1  GI:3098167

KEYWORDS    .

SOURCE      chloroplast Bryum stenotrichum

ORGANISM  Bryum stenotrichum

Eukaryota; Viridiplantae; Streptophyta; Embryophyta; Bryophyta;

Moss Superclass V; Bryopsida; Bryidae; Bryanae; Bryales; Bryaceae;

Bryum.

REFERENCE   1  (bases 1 to 618)

AUTHORS   Cox,C.J. and Hedderson,T.A.J.

TITLE     Phylogenetic relationships among the ciliate arthrodontous mosses:

evidence from chloroplast and nuclear DNA sequences

JOURNAL   Unpublished

REFERENCE   2  (bases 1 to 618)

AUTHORS   Cox,C.J. and Hedderson,T.A.J.

TITLE     Direct Submission

JOURNAL   Submitted (11-SEP-1997) Dept. of Botany, School of Plant Sciences,

University of Reading, Whiteknights, Reading, Berkshire RG6 6AS,

United Kingdom

FEATURES             Location/Qualifiers

source          1..618

/organism="Bryum stenotrichum"

/organelle="plastid:chloroplast"

/mol_type="genomic DNA"

/db_xref="taxon:66994"

gene <1..573

/gene="rps4"

CDS <1..573

/gene="rps4"

/codon_start=1

/product="small ribosomal protein 4"

/protein_id="AAC15532.1"

/db_xref="GI:3098168"

/translation="RRLGSLPGLTNKTPQLKTNSINQSISNKKISQYRIRLEEKQKLR

FHYGITERQLLNYVRIARKAKGSTGEVLLQLLEMRLDNVIFRLGMAPTIPGARQLVNH

RHILVNDRIVNIPSYRCKPEDSITIKDRQKSQAIISKNLNLYQKYKTPNHLTYNFLKK

KGLVNQILDRESIGLKINELLVVEYYSRQA"

ORIGIN      

1 cgccgtttag gatctttacc aggactaact aataaaacac cccagttaaa aactaattcg

61 atcaatcaat caatatctaa taaaaaaatt tctcaatatc gcattcgttt ggaagaaaaa

121 caaaaattac gttttcatta tggaataaca gagcgacaat tacttaatta tgtacgtatt

181 gctagaaaag ctaaagggtc aacaggtgaa gtcttattac aattacttga aatgcgctta

241 gataacgtta tttttcgatt aggtatggct cctacaattc ctggagcaag gcaactagta

301 aatcatagac atattttagt taatgatcgt atagtaaata taccaagtta tcggtgtaaa

361 cctgaggatt ctattactat aaaagatcga caaaaatctc aggctataat tagtaaaaat

421 ttaaatttgt atcaaaaata taaaacacca aatcatttaa cttataattt tttaaaaaaa

481 aaaggattgg ttaatcaaat actagatcgt gaatccattg gtttaaaaat aaatgaatta

541 ttagttgtag aatattattc tcgccaagct taattaacaa ctaagagtat ttgtaattat

601 atacataata aaaatttg

//

http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=66994
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=66994
http://www.ncbi.nlm.nih.gov/nuccore/3098167?from=1&to=573&report=gbwithparts
http://www.ncbi.nlm.nih.gov/nuccore/3098167?from=1&to=573&report=gbwithparts
http://www.ncbi.nlm.nih.gov/protein/3098168


• Software (e.g. Seaview, Mega, Mesquite, 
Bioedit, etc)

– Requires instalation

• Scripts (generally in Python or Perl)

– Several are freely distributed in github
(https://github.com/)

• Web-based tool (easy)

File Convertions
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https://github.com/


• https://goo.gl/VFwldq

1) Descarregar as sequencias na pasta hands_on_1

2) Usar o site: http://www.ebi.ac.uk/Tools/sfc/emboss_seqret/

3) Analisar o formato original das sequencias

4) Converter as sequencias para Fasta

5) Adicionar num ficheiro separado usando editor de texto

Hands-On 1
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https://goo.gl/VFwldq
http://www.ebi.ac.uk/Tools/sfc/emboss_seqret/


Search Methods



Search NCBI
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Search NCBI
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Search NCBI
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Search NCBI
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Search NCBI

137



Search NCBI
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Search NCBI
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Search NCBI
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Search NCBI
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Search NCBI

142



Nucleotide Search
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UniProt
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UniProt
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UniProt
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1. Escolher dois genes:

– Acetylcholinesterase (ACHE)

– Ameloblastin (AMBN)

– Enamelin (ENAM)

– Hemopexin (HPX)

2. Ir à página do NCBI e descarregar sequencias 
de 10 espécies

Hands-On 2
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NCBI – BLAST (Basic Local Alignment Serach 
Tool)
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Blast Search
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• blastn

• blastp

• blastx

• tblastn

• tblastx

Blast methods
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NCBI – nucleotide BLAST result
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NCBI – nucleotide BLAST result
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E-values: 10-4 often considered good enough for an assumption of homology
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• Predictions methods can fail and sometimes 
accurancy is not available

• Prediction is always made of known issues

• Databases can contain incorrect data

• Avoid overvaloration of results

Warnings
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1) Descarregar sequencias da pasta hands_on_3

2) Fazer o “blast” para as sequencias

3) Identificar gene e espécies

4) Descarregar 3 top hits

Hands-On 3
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Methods for multiple sequence 
alignments



• Web-based 

• Local (software)

• Scripts

Multiple Sequence Alignments (MSA)
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• Model

• Can be biased

• Quality can be checked (e.g. 
http://guidance.tau.ac.il/ver2/)

• Parameters:
– Gap penalties
– Mismatch
– Iterations
– Guiding tree

MSA
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http://guidance.tau.ac.il/ver2/


• ClustalW

• Muscle

• T-Coffee

• MAFT

• ClustalOmega

• Prank

MSA Algorithms
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MSA
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1) Requisitos: Seaview e/ou Mega6

2) Descarregar sequencias da pasta Hands_on_4

3) Importar ficheiro para o Mega

4) Alinhar usado o Muscle/ClustalW

5) Traduzir para aminoácidos

6) Repetir o passo 3

7) Repetir passos 3 a 6 usando o Seaview

Hands-On 4
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Q & A
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Phylogenetic trees



The tree of Life
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Reading Trees
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Reading Trees
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Terminals are 
taxa



Rooted / Unrooted Tree
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Rooted / Unrooted Tree
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root position

unrooted tree

rooted phylogenetic 
tree



Rooted / Unrooted Tree
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A

B
C

Root D

A B C D

Root
Note that in this rooted tree, taxon A is 
no more closely related to taxon B than 
it is to C or D.

Rooted tree



Counting Trees
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Counting Trees

172172

# Taxa (N) 
 

 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
 . 
 . 
 . 
 . 
30 

 # Unrooted trees 
 

          1 
          3 
         15 
        105 
        945 
     10,935 
    135,135 
  2,027,025 
       . 
       . 
       . 
       . 
 ≈3.58 x 1036 

 
 (2N - 5)!! = # unrooted trees for N taxa

(2N- 3)!! = # rooted trees for N taxa

CA

B D

A B

C

A D

B E

C

A D

B E

C

F



Cladogram vs Phylogram
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cladogram – arbitrary length branches phylogram – branch length 
proportional

to some measure of genetic distance



Outgroups
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ingroup

outgroup



Orthologs and Paralogs
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Orthology – homologous gene sequences

Paralogy – gene sequences separated by a gene duplication event



Rooting
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• A phylogenetic analysis most often results in an formally unrooted network

• For phylogenetic analyses can be included an “outgroup” which will be used 

to root the tree

• The taxa of interested in are called the “ingroup”

• The assumption is that the ingroup taxa are more closely related to each 

other than any is to the outgroup

• If this assumption is wrong, then the interpretations of the phylogenetic tree 

will be wrong!



Methods
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• Distance-based methods:

• Neighbor-joining

• UPGMA

• Character-based methods:

• Maximum parsimony

• Model-based methods:

• Maximum likelihood

• Bayesian inference



UPGMA
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UPGMA
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• Very popular method

• Does not make molecular clock assumption : 
modified distance matrix constructed to 
adjust for differences in evolution rate of each 
taxon

• Produces unrooted tree

• Assumes additivity: distance between pairs of 
leaves = sum of lengths of edges connecting 
them

Neighbor Joining 
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Neighbor Joining 

181

Use models of substitution to correct these 
values



• Newick (.nwk)

((species1:BranchLength,species2)Bootstrap,spe
cies 3);

File Formats
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• Advantages:
– easy to perform 

– quick calculation

– fit for sequences having high similarity scores 

• Disadvantages:
– the sequences are not considered as such (loss of 

information) 

– all sites are generally equally treated (do not take into 
account differences of substitution rates ) 

– not applicable to distantly divergent sequences.

Distance methods
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1. Requisitos Seaview e Mega

2. Descarregar sequencias na pasta hands_on_5

3. Alinhar usando Muscle em Aminoácidos

4. Fazer uma NJ de nucleótidos usando os 
parâmetros por omissão, 1000 bootstrap

5. Repetir o passo fazendo uma árvore de 
aminoácidos

Hands On 5
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Characters based tree



• Object is to minimise the number of changes necessary for the evolution of 

all characters on a tree.

• Character changes are typically treated as equally-weighted ie. the "cost" of 

changing from one state to another is the same between all states, but 

various weighting schemes can be applied

• Can be used with both morphological and molecular data, morphological 

characters may be ordered and polarised

• The tree with the fewest changes/steps is the MP tree. Might find many 

most- parsimonious solutions, which are often presented as a 50% majority-

rule tree

Maximum parsimony
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Maximum parsimony
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●Fitch’s algorithm can be used to determine the most-parsimonious 

character reconstruction on any tree, the total score (or length) of a tree is 

the number of steps (changes) required by the most-parsimonious 

reconstructions of all characters, and the tree (or trees) with the lowest 

total score is the MP tree (or MP trees)



Long Branch Attraction
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Maximum likelihood and Bayesian 
inference

189

●Both use explicit models of character change that are evaluated on a tree

using the likelihood function

●They differ in their use of statistical paradigms



Model as mechanism of change and tree
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Model

Data

likelihood

The likelihood is proportional to the probability of data given the hypothesis

(a model of character change plus tree topology)



Model as mechanism of change and tree
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model

Composition Substitution rates Topology Branch lengths

tree

Instantaneous rate matrix

e.g. general time-reversible model



Models
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• 1) the base composition:

• πa, πc, πg, & πt

– The base composition frequency parameters remain constant over time (i.e. 

they are at equilibrium)

– They express the rate at which changes to each base occur

– Hence, the rate of change to a rare base would be low, whereas the change 

to a common base would be high

» could be equal: 0.25, 0.25, 0.25, 0.25

» or not: 0.3, 0.4, 0.2, 0.1

» perhaps values are estimated from the data



Models
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2) Substitution rates:

C G TA

A

C

G

T



Transitions and transversions
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A C

G T

purines pyrimidines



Model GTR
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A

C

G

T

A C G T



GTR derived
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Model derived from the GTR model – few have been implemented in 

phylogenetics

GTR – unequal base frequencies and 6 substitution types

SYM – equal base frequencies and 6 substitution types

 HKY85 – unequal base frequencies and 2 substitution types (transitions

and transversion)

 F81 – unequal base frequencies and single substitution type

 JC – equal base frequencies and single substitution type



Model selection
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2) The Akaike Information Criterion:

where: is the hypothesis (model + tree), and

is the number of free parameters

Does not requite models to be nested

Calculate AIC for each model

Choose model with lowest AIC score

To be preferred over the LRT



Model selection
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1) The Likelihood Ratio Test (LRT):

where: is a restricted (simpler) version of

e.g.:



– Modeltest conducts the LRT/AIC (and others) among a set of nested models 

– 14 substitution matrices with and without a pinvar and gdasrv

– Uses a crude distance tree to calculate the likelihoods of the models

– MrModeltest calculates similar for 24 models (those used by MrBayes)

– For amino acid models use ProtTest or ModelGenerator

Tools
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– It is commonly recognised that not all sites evolve at the same rate – some 

may constrained by selection. This can be incorporated into the model:

1. Site-specific rate categories - defined a priori, e.g. first, second, third codon 

positions of a protein-coding gene.

2. Proportion of invariant sites (pinvar) - assumes some proportion of sites is 

incapable of changing and all other sites vary at the same rate.

3. Gamma distributed among site rate variation (gdasrv) - uses a number of 

discrete categories of rates that partitions a gamma distribution - the shape 

of the distribution is described by the parameter α

Models parameters
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Amino acid substituion models
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Poisson model – (equiv. to JC) equal substitution rates and frequencies

Proportional model – as Poisson but with unequal (empirically observed) 

frequencies

Empirically observed transition matrices:

Dayhoff - derived from Dayhoff, et al.'s (1978) empirical substitution matrix

JTT - Jones, Taylor, Thornton

WAG - Whelan and Goldman



– The bootstrap is a statistical method that is designed to test the reliability of 

the result by using pseudo-replicates drawn from the original data

– Draw characters/sites from the original data, with replacement, from the 

original data set to make a new one the same size. Repeat the phylogenetic 

analysis on this bootstrap replicate and repeat the process many times (100-

1000).

– Interpretation of the bootstrap is difficult. It is known to be biased, but for a 

particular support values it not known where it is biased up or down. Its 

usually reckoned that 70% is statistically significant.

Bootstrap
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Bootstrap
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1. Requisitos Seaview+jModelTest e/ou Mega

2. Alinhar usando MUSCLE

3. Determinar modelo evolucionário

4. Fazer uma ML usando 100 de bootstrap e o 
modelo determinado no passo 3

Hands On 6
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ML and PP density
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ML estimate



ML and PP density
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ML and PP density
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P
osterior P

robability



Likelihood plot
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burnin



Likelihood plot
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Mcmc output
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gens A C G T A-C A-G A-T C-G C-T G-T alpha

Composition Substitution Rate gdasrv

etc...

Note that at each generation the parameter values are known 

(i.e. they are the current values of the chain) hence the 

likelihood is easy and quick to calculate, this makes BA a 

relatively quick method when compared to ML

etc...



• Are we there yet?
AWTY is a system for the graphical exploration of MCMC convergence, written 
by Jim Wilgenbusch, Dan Warren, and David Swofford.

Likelihood plot
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• Run the analysis more that once and 

check that the separate runs give similar 

results

• Monitor the average standard deviation of 

split support between two separate runs 

(MrBayes does this by default)

Convergence
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Likelihood plot
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• http://www.thines-lab.senckenberg.de/simba/

• http://phylemon.bioinfo.cipf.es/

• http://phylogeny.lirmm.fr/phylo_cgi/index.cgi

Alternatives
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http://www.thines-lab.senckenberg.de/simba/
http://phylemon.bioinfo.cipf.es/
http://phylogeny.lirmm.fr/phylo_cgi/index.cgi


1. Requisitos Mr. Bayes e TreeGraph

2. Abrir executável do Mr.Bayes (32 ou 64 bits)

3. “Execute nomedoficheiro.nex”

4. “help lset”

5. “Lset nst=6 rates=invgamma” (modelo GTR+I+G)

6. “help mcmc”

7. “mcmc ngen=500000”

8. “sump” (confirmar parâmetros)

9. “sumt conformat=simple”

10. Executar TreeGraph e abrir ficheiro .con gerado no Mr. Bayes

Hands On 7
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1. Requisitos Tree-Puzzle

2. Abrir puzzle-windows-mingw.exe

3. k + enter -> K Tree search procedure?  Evaluate user defined trees

4. m + enter até ao modelo GTR

5. w + enter até ->  w  Model of rate heterogeneity?  Mixed (1 invariable + 4 
Gamma rates)

6. y + enter

7. my_trees.txt (ficheiros com as árvores)

8. Abrir ficheiro .puzzle

9. No final do ficheiro aparece a comparação entre as 3 árvores “COMPARISON OF 
USER TREES (NO CLOCK)” 

Hands On 8
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Data Warehouses Again
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Data Warehouses Again
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Primer design

219

Good primer design is essential for successful reactions

1. Primer Length:
• 18-22 bp.

• Grande o suficiente para ter especificidade

• Curta o suficiente para se ligar facilmente ao template



Primer design
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2. GC Content
• O número de G's e C's no primer como % no número total de bases, 

deve ser entre 40-60%

3. GC Clamp
• A presença de G ou C nas últimas 5 bases do extremo 3' 

• Ajuda a promover a ligação específica, devido à ligação ser mais
forte entre G e C 

• Mais de 3 G's or C's devem ser evitados nas últimas 5 bases do 
extremo 3‘



Primer design
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4. Primer Melting Temperature (Tm )
• Por definição: temperature à qual metade da cadeia se dissocia e 

fica “single stranded”  e indica a estabilidade do duplex

• Primers com Tm entre 52-58 oC dão bons resultados

• Primers com Tm > 65oC têm tendência para “secondary annealing”

• O conteúdo GC indica a Tm

5. Primer Pair Tm Mismatch Calculation
• O par de primers deve ter uma Tm aproximada, para maximizer o 

produto de PCR. 

• A diferença não deve exceder 5ºC, ou pode levar à não amplificação



Primer design
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6. Primer Annealing Temperature
• A temperature de melting é determinante para a temperatura

de annealing

• Ta elevada produz pouca hidridação entre Primer-Template, o 
que conduz a baixo produto de PCR

• Ta baixas levam a produtos inespecíficos, desencadeados por
ligações erradas entre bases

• 3 a 5ºC abaixo da Tm. Se for muito inespecífico, vamos subindo.



Primer design
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7. Primer Secondary Structures
• Entre primers ou dentro do mesmo primer

• Levam a pouco ou nenhum produto de PCR

• Afectam annealing e consequentemente a amplificação

• Reduzem disponibilidade dos primers no mix



Primer design
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6.1. Hairpins
• Dentro do primer

• Optimally a 3' end hairpin with a ΔG of -2 kcal/mol and an 
internal hairpin with a ΔG of -3 kcal/mol is tolerated generally.

ΔG
• Traduz a estabilidade do harpin

• A energia necessária para quebrar a estrutura secundária

• Valores negativos elevados: harpins estáveis, logo indesejáveis



Primer design
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6.2. Self Dimer
• Entre 2 primers iguais (mesmo sentido)
• Produz menos produto de PCR, uma vez que há muitos mais

primers disponíveis na amostra que de gene alvo
• Optimally a 3' end self dimer with a ΔG of -5 kcal/mol and an 

internal self dimer with a ΔG of -6 kcal/mol is tolerated generally.

6.3. Cross Dimer
• Entre o Fw e Rv
• Optimally a 3' end cross dimer with a ΔG of -5 kcal/mol and an 

internal cross dimer with a ΔG of -6 kcal/mol is tolerated 
generally.

7. 3' End Stability
• É o máximo ΔG das últimas 5 bases do extremo 3' end
• Um extremo 3' instável (ΔG menos negativo) resulta em “false 

priming”



Primer design
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8. Repeats
• É um di-nucleótido que ocorre muitas vezes consecutivamente, 

ATATATAT

• Evitar pois leva a ligações erradas

• O número máximo é de 4 di-nucleotidos

9. Runs
• Evitar muitas bases iguais seguidas, AGCGGGGGATGGGG

• Levam a ligações erradas

• O nº máximo aceitável é de 4bp



Primer design

10. Evitar Template Secondary Structure
• Caso contrário a cadeia template impede a ligação dos primers

11. Avoid Cross Homology
• Primers apenas devem ligar-se a zonas únicas, caso contrário

tornam-se inespecíficos

• Testar numa base de dados

12. Amplicon Length
• qPCR- ronda 100bp

• PCR – até 1000bp

• Determinado pela posição Fw e RV
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Primer design
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Primer Design using Software
• 1 Sequência



Primer design
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Primer Design using Software
• Várias sequências (alinhamento)

•

•

• Primaclade



Primer design
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Primer Design using Software
• PrimerBlast



Primer design
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Primer Design using Software
• Primaclade



Primer design
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Primer Design using Software
• Primaclade

Fw Rev



Primer design
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Primer Design using Software- analyse primers



Primer design
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Primer Design using Software- analyse primers

Lenght: 20bp (18-22)

GC%: 40        (40-60)

Harpin: -1          (~-3)



Primer design

235

Primer Design using Software- analyse primers

GC%: 40 (40-60)
Harpin: -1 (~-3)
Self-dimer-: -5 (-5)



Primer design
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Primer Design using Software- analyse primers

GC%: 40        (40-60)

Harpin: -1          (~-3)

Self-dimer-: -5     (-5)

Hetero-dimer: -5  (-5)

Tm (D1R): 52ºC     
(52-58 oC)

Tm (D3Ca): 56 ºC
(diferença < 5ºC)



Primer design
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Primer Design using Software- analyse primers
(especificidade)

GTGCAATACTTTGCTTGGGTTTCG



Primer design
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Primer Design using Software- analyse primers
GTGCAATACTTTGCTTGGGTTTCG



Primer design
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Primer Design using Software- analyse primers
Virtual PCR



Primer design
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Primer Design using Software- analyse primers
GTGCAATACTTTGCTTGGGTTTCG



Sequencing Results
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Learning Curve
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• What is it? Bioinformatics is the creation , 
development and operation of databases and 
other computational tools to collect, organize 
and interpret data

• Data Sources ? They are usually derived from 
biological data experiences that provide 
quantitative and qualitative data

Bioinformatic

246



Use of databases in bioinformatics as 
repositories and sources of 

information



• From 1982 databases began to be created for 
storing information and sequences of nucleotides

Examples

• European Molecular Biology Laboratory: 
http://www.embl.org/ (Europe)

• National Institutes of Health: 
http://www.ncbi.nlm.nih.gov (North America)

• DNA Databank (DDBJ): 
http://www.ddbj.nig.ac.jp/ (Japan)

Data Warehouses
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http://www.embl.org/
http://www.ncbi.nlm.nih.gov/
http://www.ddbj.nig.ac.jp/


• From 1986 databases of amino acids (proteins)

Exemplos
• Swissprot/TrEMBL
• PIR

• In 2002 joined in UniProtKb
(http://www.uniprot.org/)

• UniProtKB/Swiss-Prot which is manually annotated 
and is reviewed and

• UniProtKB/TrEMBL which is automatically annotated 
and is not reviewed.

Data Warehouses
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• “100-gigabase” in August 2005. 200 billion bp
in September 2007. The amount of data 
doubles every 18 months.

Data growth
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PLoS Biol. 2015 Jul; 
13(7): e1002195.

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4494865/


GenBank gb|accession.version

EMBL emb|accession.version

DDBJ dbj|accession.version

NCBI RefSeq ref|accession.version

PDB pdb|entry|chain

Patents pat|country|number

NBRF PIR pir||entry

SWISS-PROT sp|accession|entry

Protein Research Foundation prf|name

Local Sequence identifier lcl|identifier

Conventions
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ref|NM_016519.5| Homo sapiens ameloblastin
(AMBN)



Conventions
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ref|NM_016519.5| Homo sapiens ameloblastin
(AMBN)



Conventions
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• Gene Names (http://www.genenames.org/)

Conventions
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http://www.genenames.org/


• Fasta files

>seq1

-----------------------KSKERYKDENGGNYFQLREDWWDANRE 

>seq2

---------------YEGLTTANGXKEYYQDKNGGNFFKLREDWWTANRE

>seq3 

------------------------SQRHYKD-DGGNYFQLREDWWTANRH

>seq4 

--------------------NVAALKTRYEK-DGQNFYQLREDWWTANYF

File Formats
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• Phylip interleaved

• The first line of the input file contains the number of species and the 
number of characters separated by blanks. The information for each
species follows, starting with a ten-character species name (which can 
include punctuation marks and blanks), and continuing with the 
characters for that species. Phylip format files can be interleaved, as in 
the example below, or sequential. 

4 123
seq1 ---------- ---------- ---KSKERYK DENGGNYFQL REDWWDANRE 
seq2 ---------- -----YEGLT TANGXKEYYQ DKNGGNFFKL REDWWTANRE 
seq3 ---------- ---------- ----SQRHYK D-DGGNYFQL REDWWTANRH 
seq4 ---------- ---------- NVAALKTRYE K-DGQNFYQL REDWWTANRA 

TVWKAITCNA --GGGKYFRN TCDG--GQNP TETQNNCRCIG---------
TVWKAITCGA P-GDASYFHA TCDSGDGRGG AQAPHKCRCD G---------
TVWEAITCSA DKGNA-YFRR TCNSADGKSQ SQARNQCRC- --KDENGKN-
TIWEAITCSA DKGNA-YFRA TCNSADGKSQ SQARNQCRC- --KDENGXN-

256

File Formats



• Phylip sequencial

4 123 

seq1 ---------- ---------- ---KSKERYK DENGGNYFQL REDWWDANRE 
TVWKAITCNA --GGGKYFRN TCDG--GQNP TETQNNCRCI G---------

seq2 ---------- -----YEGLT TANGXKEYYQ DKNGGNFFKL REDWWTANRE 
TVWKAITCGA P-GDASYFHA TCDSGDGRGG AQAPHKCRCD G---------

seq3 ---------- ---------- ----SQRHYK D-DGGNYFQL REDWWTANRH 
TVWEAITCSA DKGNA-YFRR TCNSADGKSQ SQARNQCRC- --KDENGKN-

seq4 ---------- ---------- NVAALKTRYE K-DGQNFYQL REDWWTANRA 
TIWEAITCSA DKGNA-YFRA TCNSADGKSQ SQARNQCRC- --KDENGXN-

File Formats
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• Nexus
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File Formats



File Formats
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GenBank
LOCUS       AF023787                 618 bp DNA     linear   PLN 02-MAY-1998

DEFINITION  Bryum stenotrichum small ribosomal protein 4 (rps4) gene,

chloroplast gene encoding chloroplast protein, partial cds.

ACCESSION   AF023787

VERSION     AF023787.1  GI:3098167

KEYWORDS    .

SOURCE      chloroplast Bryum stenotrichum

ORGANISM  Bryum stenotrichum

Eukaryota; Viridiplantae; Streptophyta; Embryophyta; Bryophyta;

Moss Superclass V; Bryopsida; Bryidae; Bryanae; Bryales; Bryaceae;

Bryum.

REFERENCE   1  (bases 1 to 618)

AUTHORS   Cox,C.J. and Hedderson,T.A.J.

TITLE     Phylogenetic relationships among the ciliate arthrodontous mosses:

evidence from chloroplast and nuclear DNA sequences

JOURNAL   Unpublished

REFERENCE   2  (bases 1 to 618)

AUTHORS   Cox,C.J. and Hedderson,T.A.J.

TITLE     Direct Submission

JOURNAL   Submitted (11-SEP-1997) Dept. of Botany, School of Plant Sciences,

University of Reading, Whiteknights, Reading, Berkshire RG6 6AS,

United Kingdom

FEATURES             Location/Qualifiers

source          1..618

/organism="Bryum stenotrichum"

/organelle="plastid:chloroplast"

/mol_type="genomic DNA"

/db_xref="taxon:66994"

gene <1..573

/gene="rps4"

CDS <1..573

/gene="rps4"

/codon_start=1

/product="small ribosomal protein 4"

/protein_id="AAC15532.1"

/db_xref="GI:3098168"

/translation="RRLGSLPGLTNKTPQLKTNSINQSISNKKISQYRIRLEEKQKLR

FHYGITERQLLNYVRIARKAKGSTGEVLLQLLEMRLDNVIFRLGMAPTIPGARQLVNH

RHILVNDRIVNIPSYRCKPEDSITIKDRQKSQAIISKNLNLYQKYKTPNHLTYNFLKK

KGLVNQILDRESIGLKINELLVVEYYSRQA"

ORIGIN      

1 cgccgtttag gatctttacc aggactaact aataaaacac cccagttaaa aactaattcg

61 atcaatcaat caatatctaa taaaaaaatt tctcaatatc gcattcgttt ggaagaaaaa

121 caaaaattac gttttcatta tggaataaca gagcgacaat tacttaatta tgtacgtatt

181 gctagaaaag ctaaagggtc aacaggtgaa gtcttattac aattacttga aatgcgctta

241 gataacgtta tttttcgatt aggtatggct cctacaattc ctggagcaag gcaactagta

301 aatcatagac atattttagt taatgatcgt atagtaaata taccaagtta tcggtgtaaa

361 cctgaggatt ctattactat aaaagatcga caaaaatctc aggctataat tagtaaaaat

421 ttaaatttgt atcaaaaata taaaacacca aatcatttaa cttataattt tttaaaaaaa

481 aaaggattgg ttaatcaaat actagatcgt gaatccattg gtttaaaaat aaatgaatta

541 ttagttgtag aatattattc tcgccaagct taattaacaa ctaagagtat ttgtaattat

601 atacataata aaaatttg

//

http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=66994
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=66994
http://www.ncbi.nlm.nih.gov/nuccore/3098167?from=1&to=573&report=gbwithparts
http://www.ncbi.nlm.nih.gov/nuccore/3098167?from=1&to=573&report=gbwithparts
http://www.ncbi.nlm.nih.gov/protein/3098168


• Software (e.g. Seaview, Mega, Mesquite, 
Bioedit, etc)

– Requires instalation

• Scripts (generally in Python or Perl)

– Several are freely distributed in github
(https://github.com/)

• Web-based tool (easy)

File Convertions
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https://github.com/


• https://goo.gl/7DgwFF

1) Descarregar as sequencias na pasta hands_on_1

2) Usar o site: http://www.ebi.ac.uk/Tools/sfc/emboss_seqret/

3) Analisar o formato original das sequencias

4) Converter as sequencias para Fasta

5) Adicionar num ficheiro separado usando editor de texto

Hands-On 1
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https://goo.gl/7DgwFF
http://www.ebi.ac.uk/Tools/sfc/emboss_seqret/


Search Methods



Search NCBI
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Search NCBI
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Search NCBI
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Search NCBI
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Search NCBI
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Search NCBI

268



Search NCBI
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Search NCBI
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Search NCBI
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Search NCBI
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Nucleotide Search
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UniProt
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UniProt
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UniProt
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1. Escolher um gene

– Ameloblastin (AMBN)

– Enamelin (ENAM)

– Hemopexin (HPX)

2. Ir à página do NCBI e descarregar sequencias 
de 5 espécies

Hands-On 2
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NCBI – BLAST (Basic Local Alignment Serach
Tool)

278



Blast Search
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• blastn

• blastp

• blastx

• tblastn

• tblastx

Blast methods
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NCBI – nucleotide BLAST result
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NCBI – nucleotide BLAST result
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E-values: 10-4 often considered good enough for an assumption of homology
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• Predictions methods can fail and sometimes

accurancy is not available

• Databases can contain incorrect data

• Avoid overvaloration of results

Warnings
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1) Descarregar sequencias da pasta hands_on_3

2) Fazer o “blast” para as sequencias

3) Identificar gene e espécies

4) Descarregar 3 top hits

Hands-On 3

285



Sequencing Results
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Sequencing Results
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Sequencing Results
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Sequencing Results
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Sequencing Results
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Methods for multiple sequence 
alignments



• Web-based (e.g. http://translatorx.co.uk/)

• Local (software)

• Scripts (e.g. 

http://raven.iab.alaska.edu/~ntakebay/teaching/programmin
g/perl-scripts/perl-scripts.html)

Multiple Sequence Alignments (MSA)
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• Model

• Can be biased

• Quality can be checked (e.g. 
http://guidance.tau.ac.il/ver2/)

• Parameters:
– Gap penalties
– Mismatch
– Iterations
– Guiding tree

MSA
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http://guidance.tau.ac.il/ver2/


• ClustalW

• ClustalOmega

• Muscle

• T-Coffee

• MAFT

• Prank

MSA Algorithms
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MSA
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MSA
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MSA
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1) Requisitos: Seaview e/ou Mega6

2) Descarregar sequencias da pasta Hands_on_4

3) Importar ficheiro para o Mega ou Seaview

4) Traduzir para aminoácidos

5) Alinhar usando Muscle e ou ClustalW

6) Filtrar resultados alinhamento usando o 
http://translatorx.co.uk/)

Hands-On 4
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Q & A
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Phylogenetic trees



• Recognize 5 file formats

• Perform a gene oriented search

• Perform a blast search

• Perform a MSA

Check List
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The tree of Life
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Reading Trees
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Reading Trees

305

Terminals are 
taxa



Rooted / Unrooted Tree
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Rooted / Unrooted Tree

307

root position

unrooted tree

rooted phylogenetic 
tree



Rooted / Unrooted Tree
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A

B
C

Root D

A B C D

Root
Note that in this rooted tree, taxon A is 
no more closely related to taxon B than 
it is to C or D.

Rooted tree



Counting Trees
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Counting Trees

310310

# Taxa (N) 
 

 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
 . 
 . 
 . 
 . 
30 

 # Unrooted trees 
 

          1 
          3 
         15 
        105 
        945 
     10,935 
    135,135 
  2,027,025 
       . 
       . 
       . 
       . 
 ≈3.58 x 1036 

 
 (2N - 5)!! = # unrooted trees for N taxa

(2N- 3)!! = # rooted trees for N taxa

CA

B D

A B

C

A D

B E

C

A D

B E

C

F



Cladogram vs Phylogram

311

cladogram – arbitrary length branches phylogram – branch length 
proportional

to some measure of genetic distance



Outgroups
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ingroup

outgroup



Orthologs and Paralogs
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Orthology – homologous gene sequences

Paralogy – gene sequences separated by a gene duplication event



Rooting

314

• A phylogenetic analysis most often results in an formally unrooted network

• For phylogenetic analyses can be included an “outgroup” which will be used 

to root the tree

• The taxa of interested in are called the “ingroup”

• The assumption is that the ingroup taxa are more closely related to each 

other than any is to the outgroup

• If this assumption is wrong, then the interpretations of the phylogenetic tree 

will be wrong!



Methods
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• Distance-based methods:

• Neighbor-joining

• UPGMA

• Character-based methods:

• Maximum parsimony

• Model-based methods:

• Maximum likelihood

• Bayesian inference



UPGMA
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UPGMA
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• Very popular method

• Does not make molecular clock assumption : 
modified distance matrix constructed to 
adjust for differences in evolution rate of each 
taxon

• Produces unrooted tree

• Assumes additivity: distance between pairs of 
leaves = sum of lengths of edges connecting 
them

Neighbor Joining 

318



Neighbor Joining 
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Use models of substitution to correct these 
values



• Newick (.nwk)

((species1:BranchLength,species2)Bootstrap,spe
cies 3);

File Formats

320



• Advantages:
– easy to perform 

– quick calculation

– fit for sequences having high similarity scores 

• Disadvantages:
– the sequences are not considered as such (loss of 

information) 

– all sites are generally equally treated (do not take into 
account differences of substitution rates ) 

– not applicable to distantly divergent sequences.

Distance methods
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1. Requisitos Seaview e Mega

2. Descarregar sequencias na pasta hands_on_5

3. Alinhar usando Muscle em Aminoácidos

4. Fazer uma NJ de nucleótidos usando os 
parâmetros por omissão, 1000 bootstrap

5. Repetir o passo fazendo uma árvore de 
aminoácidos

Hands On 5
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323

Characters based tree



• Object is to minimise the number of changes necessary for the evolution of 

all characters on a tree.

• Character changes are typically treated as equally-weighted ie. the "cost" of 

changing from one state to another is the same between all states, but 

various weighting schemes can be applied

• Can be used with both morphological and molecular data, morphological 

characters may be ordered and polarised

• The tree with the fewest changes/steps is the MP tree. Might find many 

most- parsimonious solutions, which are often presented as a 50% majority-

rule tree

Maximum parsimony
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Maximum parsimony

325

●Fitch’s algorithm can be used to determine the most-parsimonious 

character reconstruction on any tree, the total score (or length) of a tree is 

the number of steps (changes) required by the most-parsimonious 

reconstructions of all characters, and the tree (or trees) with the lowest 

total score is the MP tree (or MP trees)



Long Branch Attraction
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Maximum likelihood and Bayesian 
inference

327

●Both use explicit models of character change that are evaluated on a tree

using the likelihood function

●They differ in their use of statistical paradigms



Model as mechanism of change and tree
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Model

Data

likelihood

The likelihood is proportional to the probability of data given the hypothesis

(a model of character change plus tree topology)



Model as mechanism of change and tree
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model

Composition Substitution rates Topology Branch lengths

tree

Instantaneous rate matrix

e.g. general time-reversible model



Models
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• 1) the base composition:

• πa, πc, πg, & πt

– The base composition frequency parameters remain constant over time (i.e. 

they are at equilibrium)

– They express the rate at which changes to each base occur

– Hence, the rate of change to a rare base would be low, whereas the change 

to a common base would be high

» could be equal: 0.25, 0.25, 0.25, 0.25

» or not: 0.3, 0.4, 0.2, 0.1

» perhaps values are estimated from the data



Models
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2) Substitution rates:

C G TA

A

C

G

T



Transitions and transversions

332

A C

G T

purines pyrimidines



Model GTR
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A

C

G

T

A C G T



GTR derived
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Model derived from the GTR model – few have been implemented in 

phylogenetics

GTR – unequal base frequencies and 6 substitution types

SYM – equal base frequencies and 6 substitution types

 HKY85 – unequal base frequencies and 2 substitution types (transitions

and transversion)

 F81 – unequal base frequencies and single substitution type

 JC – equal base frequencies and single substitution type



Model selection
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2) The Akaike Information Criterion:

where: is the hypothesis (model + tree), and

is the number of free parameters

Does not requite models to be nested

Calculate AIC for each model

Choose model with lowest AIC score

To be preferred over the LRT



Model selection
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1) The Likelihood Ratio Test (LRT):

where: is a restricted (simpler) version of

e.g.:



– Modeltest conducts the LRT/AIC (and others) among a set of nested models 

– 14 substitution matrices with and without a pinvar and gdasrv

– Uses a crude distance tree to calculate the likelihoods of the models

– MrModeltest calculates similar for 24 models (those used by MrBayes)

– For amino acid models use ProtTest or ModelGenerator

Tools
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– It is commonly recognised that not all sites evolve at the same rate – some 

may constrained by selection. This can be incorporated into the model:

1. Site-specific rate categories - defined a priori, e.g. first, second, third codon 

positions of a protein-coding gene.

2. Proportion of invariant sites (pinvar) - assumes some proportion of sites is 

incapable of changing and all other sites vary at the same rate.

3. Gamma distributed among site rate variation (gdasrv) - uses a number of 

discrete categories of rates that partitions a gamma distribution - the shape 

of the distribution is described by the parameter α

Models parameters
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Amino acid substituion models

339

Poisson model – (equiv. to JC) equal substitution rates and frequencies

Proportional model – as Poisson but with unequal (empirically observed) 

frequencies

Empirically observed transition matrices:

Dayhoff - derived from Dayhoff, et al.'s (1978) empirical substitution matrix

JTT - Jones, Taylor, Thornton

WAG - Whelan and Goldman



– The bootstrap is a statistical method that is designed to test the reliability of 

the result by using pseudo-replicates drawn from the original data

– Draw characters/sites from the original data, with replacement, from the 

original data set to make a new one the same size. Repeat the phylogenetic 

analysis on this bootstrap replicate and repeat the process many times (100-

1000).

– Interpretation of the bootstrap is difficult. It is known to be biased, but for a 

particular support values it not known where it is biased up or down. Its 

usually reckoned that 70% is statistically significant.

Bootstrap
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Bootstrap
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1. Requisitos Seaview+jModelTest e/ou Mega

2. Alinhar usando MUSCLE

3. Determinar modelo evolucionário

4. Fazer uma ML usando 100 de bootstrap e o 
modelo determinado no passo 3

Hands On 6
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ML and PP density
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ML estimate



ML and PP density
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ML and PP density
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P
osterior P

robability



Likelihood plot
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burnin



Likelihood plot
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Mcmc output
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gens A C G T A-C A-G A-T C-G C-T G-T alpha

Composition Substitution Rate gdasrv

etc...

Note that at each generation the parameter values are known 

(i.e. they are the current values of the chain) hence the 

likelihood is easy and quick to calculate, this makes BA a 

relatively quick method when compared to ML

etc...



• Are we there yet?
AWTY is a system for the graphical exploration of MCMC convergence, written 
by Jim Wilgenbusch, Dan Warren, and David Swofford.

Likelihood plot
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• Run the analysis more that once and 

check that the separate runs give similar 

results

• Monitor the average standard deviation of 

split support between two separate runs 

(MrBayes does this by default)

Convergence
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Likelihood plot
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• http://www.thines-lab.senckenberg.de/simba/

• http://phylemon.bioinfo.cipf.es/

• http://phylogeny.lirmm.fr/phylo_cgi/index.cgi

Alternatives
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http://www.thines-lab.senckenberg.de/simba/
http://phylemon.bioinfo.cipf.es/
http://phylogeny.lirmm.fr/phylo_cgi/index.cgi


1. Requisitos Mr. Bayes e TreeGraph

2. Abrir executável do Mr.Bayes (32 ou 64 bits)

3. “Execute nomedoficheiro.nex”

4. “help lset”

5. “lset nst=6 rates=invgamma” (modelo GTR+I+G)

6. “help mcmc”

7. “mcmc ngen=200 000”

8. “sump” (confirmar parâmetros)

9. “sumt conformat=simple”

10. Executar TreeGraph e abrir ficheiro .con gerado no Mr. Bayes

Hands On 7
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Typical Workflow
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Data Retrieval
Sequence
Alignment

Prune Sequences/
Filter Poorly Aligned

Phylogenetic 
Tree

Phylogenetic 
Comparisons 

Gene 
Sequencing

BLAST 
searches

Others Analysis



1. Requisitos Tree-Puzzle

2. Abrir puzzle-windows-mingw.exe

3. k + enter -> K Tree search procedure?  Evaluate user defined trees

4. m + enter até ao modelo GTR

5. w + enter até ->  w  Model of rate heterogeneity?  Mixed (1 invariable + 4 
Gamma rates)

6. y + enter

7. my_trees.txt (ficheiros com as árvores)

8. Abrir ficheiro .puzzle

9. No final do ficheiro aparece a comparação entre as 3 árvores “COMPARISON OF 
USER TREES (NO CLOCK)” 

Hands On 8
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Data Warehouses Again
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Data Warehouses Again
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Learning Curve
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Q & A
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Further reading
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